The SIR for activity measurements of γ-ray-emitting radionuclides was established in 1976. Each national metrology institute (NMI) may request a standard ampoule from the BIPM that is then filled (3.6 g) with the radionuclide in liquid form, or a different standard ampoule for radioactive gases. The NMI completes a submission form that details the standardization method used to determine the absolute activity of the radionuclide and the full uncertainty budget for the evaluation. The ampoules are sent to the BIPM where they are compared with standard sources of 226 Ra using pressurized ionization chambers. Details of the SIR method, experimental set-up and the determination of the equivalent activity, A e , are all given in [1].
Introduction
The SIR for activity measurements of γ-ray-emitting radionuclides was established in 1976. Each national metrology institute (NMI) may request a standard ampoule from the BIPM that is then filled (3.6 g) with the radionuclide in liquid form, or a different standard ampoule for radioactive gases. The NMI completes a submission form that details the standardization method used to determine the absolute activity of the radionuclide and the full uncertainty budget for the evaluation. The ampoules are sent to the BIPM where they are compared with standard sources of 226 Ra using pressurized ionization chambers. Details of the SIR method, experimental set-up and the determination of the equivalent activity, A e , are all given in [1] .
From its inception until 31 December 2006, the SIR has measured 894 ampoules to give 655 independent results for 63 different radionuclides. The SIR makes it possible for national laboratories to check the reliability of their activity measurements at any time. This is achieved by the determination of the equivalent activity of the radionuclide and by comparison of the result with the key comparison reference value determined from the results of primary realizations. These comparisons are described as BIPM ongoing comparisons and the results form the basis of the CIPM key comparison database (KCDB) of the Mutual Recognition Arrangement (CIPM MRA) [2] . The comparison described in this report is known as the BIPM.RI(II)-K1.Cs-134 key comparison and the earlier results have been published [3, 4] .
In May 2007, the CCRI(II) decided to change the key comparison reference value (KCRV) for this activity comparison and consequently all the previous details that are relevant to the values to be included in the KCRV are also given in this report.
In addition, a regional key comparison was held in 2004 for this radionuclide, APMP.RI(II)-K2.Cs-134, piloted by the NMIJ [5] . Four laboratories from three RMOs took part in this comparison, including the NMIJ. All these NMIs made primary standardizations, two laboratories are linking laboratories and the other two are eligible to be linked to the BIPM key comparison as listed in Table 1b . The VNIIM has used this regional comparison to update their previously published 1978 CCRI(II)-K2.Cs-134 comparison result.
Participation
In addition to the two ampoules submitted by the BARC and the CNEA in 2005, which replace their earlier SIR submissions, and the one submitted by the IFIN-HH in 2006, which is their first submission, fourteen NMIs and four other laboratories have submitted 34 ampoules for the comparison of 
NMI standardization methods
Each NMI that submits ampoules to the SIR has measured the activity either by a primary standardization method or by using a secondary method, for example a calibrated ionization chamber. In the latter case, the traceability of the calibration needs to be clearly identified to ensure that any correlations are taken into account.
A brief description of the standardization methods for each laboratory, the activities submitted and the relative standard uncertainties (k = 1) are given in Table 2 . Details concerning the standardization methods and the uncertainty budgets used in the regional comparison are given in [5] . Full uncertainty budgets have been requested as part of the comparison protocol only since 1998. The SIR uncertainty budgets for the previous participants are in [3, 4] while those for the BARC, CNEA and the IFIN-HH are given in Appendix 1 attached to this report. In May 2007, the CCRI(II) agreed to change the KCRV for this comparison and consequently, the standardization methods of the new and all previous submissions are included in Table 2 .
Details regarding the solutions submitted are shown in Table 3 , including any impurities, when present, as identified by the laboratories. When given, the standard uncertainties on the evaluations are shown. The BIPM has a standard method for evaluating the activity of impurities using a calibrated Ge(Li) spectrometer [9] . The CCRI(II) agreed in 1999 [10] that this method should be followed according to the protocol described in [11] when an NMI makes such a request or when there appear to be discrepancies. However, no such impurity measurement has been carried out at the BIPM for
134
Cs and the SIR corrections for impurities are negligible in all cases. 
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Results
All the submissions to the SIR since its inception in 1976 are maintained in a database known as the "master-file". The activity measurements for 134 Cs arise from thirtyseven ampoules and the SIR equivalent activity for each ampoule, A ei , is given in Table 4a for each NMI, i. The dates of measurement in the SIR are given in Table 1 .
The relative standard uncertainties arising from the measurements in the SIR are also shown in Table 4a . This uncertainty is additional to that declared by the NMI for the activity measurement shown in Table 2 . Although activities submitted are compared with a given source of 226 Ra, all the SIR results are normalized to the radium source number 5 [1] .
Measurements repeated at the BIPM some 8 months later produced the same SIR result for the IFIN-HH ampoule. No earlier submission was withdrawn and no recent submission has been identified as a pilot study so the results of each NMI are eligible for Appendix B of the MRA. However, three of these results, for the CMI-IIR, IRA and the NPL have been superseded by the international comparison that was held in 1978 [3] . The IAEA no 11/22 longer undertakes the metrology of activity, the PTKMR is not yet a designated institute of the Puslit KIM-LIPI, Indonesia and the AECL is not a designated laboratory of the NRC, Canada, therefore none of these results is included in the KCDB.
The BARC results are self-consistent over more than twenty years within 2.5 × 10 -3 .
The results of the APMP regional comparison will be published [5] . The two laboratories to be added to the matrix of degrees of equivalence from this publication are those given in Table 1b ; the VNIIM and the INER. The results (A/m) i for these laboratories are linked to the SIR through the measurement in the SIR of two ampoules of the same solution standardized by the NMIJ and the LNE-LNHB. The link is made using a normalization ratio deduced from the mean of the values in the rows indicated in Table 4a :
The details of the links are given in Table 4b . The uncertainties for the regional comparison linked to the SIR are comprised of the original uncertainties together with the uncertainty in the link, 7 × 10 -4 , given by the standard deviation of the linking values from the NMIJ and LNE-LNHB ampoules. each NMI or other laboratory has only one result (normally the most recent result or the mean if more than one ampoule is submitted); c) any outliers are identified using a reduced chi-squared test and, if necessary, excluded from the KCRV using the normalized error test with a test value of four; d) exclusions must be approved by the CCRI(II).
The reduced data set from the SIR master-file used for the evaluation of the KCRVs following the criteria above is known as the KCRV file. Although the KCRV may be modified when other NMIs participate, on the advice of the Key Comparison Working Group of the CCRI(II), such modifications are only made by the CCRI(II), normally during one of its biennial meetings and this was the case in May 2007.
Consequently, the key comparison reference value for 134 Cs is 10 116 (13) kBq using the results in Table 4a from 
4.2
Degrees of equivalence Every NMI that has submitted ampoules to the SIR is entitled to have one result included in Appendix B of the KCDB as long as the NMI is a signatory or designated institute listed in the MRA. Normally, the most recent result is the one included. Any NMI may withdraw its result only if all the participants agree.
The degree of equivalence of a given measurement standard is the degree to which this standard is consistent with the key comparison reference value [2] . The degree of equivalence is expressed quantitatively in terms of the deviation from the key comparison reference value and the expanded uncertainty of this deviation (k = 2). The degree of equivalence between any pair of national measurement standards is expressed in terms of their difference and the expanded uncertainty of this difference and is independent of the choice of key comparison reference value.
Comparison of a given NMI with the KCRV
The degree of equivalence of a particular NMI, i, with the key comparison reference value is expressed as the difference between the results
1 Rule modified at the CCRI(II) meeting in 2005.
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Final Update Report for Cs-134 (3) 2007-09-24 and the expanded uncertainty (k = 2) of this difference, , known as the equivalence uncertainty, hence
taking correlations into account as appropriate [13].
Comparison of any two NMIs with each other
The degree of equivalence, D ij , between any pair of NMIs, i and j, is expressed as the difference in their results
and the expanded uncertainty of this difference U ij where
where any obvious correlations between the NMIs (such as a traceable calibration) are subtracted using the covariance u(A ei , A ej ), as are normally those correlations coming from the SIR.
The uncertainties of the differences between the values assigned by individual NMIs and the key comparison reference value (KCRV) are not necessarily the same uncertainties that enter into the calculation of the uncertainties in the degrees of equivalence between a pair of participants. Consequently, the uncertainties in the table of degrees of equivalence cannot be generated from the column in the table that gives the uncertainty of each participant with respect to the KCRV. However, the effects of correlations have been treated in a simplified way as the degree of confidence in the uncertainties themselves does not warrant a more rigorous approach. Table 5 shows the matrix of all the degrees of equivalence as they will appear in Appendix B of the KCDB. It should be noted that for consistency within the KCDB, a simplified level of nomenclature is used with A ei replaced by x i . The introductory text is that agreed for the comparison. The graph of the first column of results in Table 5 , corresponding to the degrees of equivalence with respect to the KCRV, is shown in Figure 1 where, following the advice of the CCRI, measurements made prior to 1987 are indicated as black squares. This graphical representation indicates in part the degree of equivalence between the NMIs but does not take into account the correlations between the different NMIs. However, the matrix of degrees of equivalence shown in yellow in Table 5 does take the known correlations into account.
The results of the 1978 CCRI(II)-K2.Cs-134 international comparison have already been linked to those of the SIR through the measurement in the SIR of the BIPM ampoules of the comparison [3] . For completeness, the degrees of equivalence to the presently updated KCRV are given as the extension of the matrix in Table 5 and as the second set of values in Figure 1 . The degrees of equivalence between all pairs of NMIs are also given in Table 5 Table 5 and as the third set of values in Figure 1 . The correlations associated with the distribution of the same solution in the regional comparison have been ignored in the analysis as the overall uncertainties are quite large. The correlation coming from the link to the SIR through the NMIJ and the LNE-LNHB has been taken into account.
Conclusion
The 
